In a lifestyle modification program for the prevention of cardiovascular disease, quantitative assessment of the diet is essential. We developed a new food frequency and quantity method using portion-sized food models to apply in a lifestyle modification program. Methods: We conducted a dietary survey using this method of Japanese middle-aged men and women (n 76) who had undergone four 24hr dietary recalls one year before, and compared the results from the two surveys. 
, and these are recommended in the guidelines 9, 10) . Dietary records and 24hr dietary recall are dietary survey methods often used to compare dietary habits between populations or among individuals within a population, but a single record or recall is not enough to obtain reliable data on an individual's dietary habits and several records or recalls are needed 11) . Self-administered diet history questionnaires (DHQ), or food frequency questionnaires have been developed and are often used in epidemiology studyies or health education in Japan 12, 13) . Using these questionnaires, a single examination provides the average intake of nutrients and food groups of a individual within a certain period; however, parficipants might misunderstand the food being surveyed in each question. Category choices for
Introduction
For prevention of cardiovascular disease (CVD), it is essential to control dietary habits 1) . Several dietary factors are known to relate to CVD risk factors 2) : higher saturated fatty acid (SFA) intake to higher serum low density lipoprotein (LDL) cholesterol level, lower fish intake to lower serum high density lipoprotein (HDL) cholesterol 3) and higher triglyceride level 4) . Clinical trials have shown the beneficial effects of life-frequency and portion size are limited, and this may lead to a difficulty in assessing food intake. There is a possibility that subjects cannot adequately report their frequency or portion size by predetermined choices; i.e., the participant consumes the food far more often, with a far bigger size than the given choices. This information about excessive intake is important in dietary intervention and should not be missed.
We developed an interviewing food frequency and quantity method (FF quantity method) using food models of portion sizes to assess the habitual dietary intake of individuals. Interviewers ask about the frequency and portion sizes of listed common foods using food models, avoiding misunderstanding about the foods. Participants can answer with no restriction on the given choices, allowing for a wide range of frequency and portion size. Interviewers record participants, answers and thus dietary habits might be reflected in the results of the survey more precisely than with a self-administered questionnaire.
The purpose of this study was to evaluate this newly developed FF quantity method using the 24hr dietary recall method as a reference. We compared the results obtained from the FF quantity method among Japanese men and women with those obtained from the means of four 24hr dietary recalls performed on the same participants in a highly standardized manner for the INTERMAP Study (International Study of Macro-and Micro-nutrients and Blood Pressure) 14) .
Participants and Methods

Development of FF Quantity Method
We developed an interviewing FF quantity method using portion-sized food models. The foods used in this method were selected to cover the major sources of protein (97%), carbohydrates (96%), fat (96%), alcohol and 97% of total energy intake from the results of the National Nutrition Survey of Japan conducted among Japanese general population 14, 15) . In this method, participants were asked about their average intake of food and beverages during a period of one or two months prior to the interview using the questionnaire, Which consisted of 134 questions ( Table 1) . For cereals, meat, fish and shellfish, the frequency and portion-size were asked, aided by portion sized food models (closed-ended questions). For vegetables, fruits, sweets and snacks, open-ended questions asking for the names of food items were used, because there are wider varieties of items in these food groups, with seasonal variation, as well as nutrient variation (i.e., fat content, water content), and it may be difficult for participants to answer the questions. Participants reported the names of foods together with their frequency. For foods reported for the openended question, interviewers assigned food codes according to food lists after the interviews to calculate nutrient intake. Examples of dialogues using the ques- tionnaire are listed in Table 2 .
Dietary Survey of the INTERMAP Study
The INTERMAP Study in Aito Town, a rural area in Shiga prefecture located in central Japan, was carried out from October 1996 to March 1997, and the participants were men and women aged 40 − 59 years who were randomly selected from the general population (n 259; response rate, 38%) 16) . Four indepth 24hr dietary recalls were performed for each participant by trained interviewers using portion-sized food models 14, 16) . Interviewers asked about each individual's type and amount of food and beverages during the 24 hours prior to the interview, using procedures in accordance with INTERMAP national and international quality control stipulations 16) . Each interview took 30 to 50 minutes. Nutrient intake was calculated using the INTERMAP food table; an integrated food table updated from the Standard Tables of Food Composition in Japan (4th edition) 17, 18) . Means of nutrient intake and food group intake of four 24hr recalls were calculated for each participant and used in analyses.
FF Quantity Method Survey
We invited 90 individuals who were randomly selected from the 259 INTEMRAP participants for the FF quantity survey, and 76 individuals enrolled (37 men and 39 women, response rate: 84%) in April 1998, 12 to 18 months after the original INTERMAP survey. The survey was carried out by four trained interviewers who performed 24hr dietary recalls in the INTERMAP survey. Nutrient intake was calculated using the INTERMAP food table 18) .
Data Analysis
Foods reported in the surveys were classified into 12 food groups. We compared nutrient intake, food intake by food groups in crude values (g), percentage energy intake (% kcal), and caloric density (g/1000 kcal or mg/1000 kcal) by the two methods. Atwater's caloric conversion factors were used to calculate percentage energy intake for macronutrient intakes: 4 kcal/g for protein, 9 kcal/g for fat, and 4 kcal/g for carbohydrates. The paired t -test was used to compare values. Differences in nutrient intake between two methods were calculated by the percentages of different values by the two methods divided by those by 24hr recalls.
For each nutrient and food intak, quintiles were created and percentages of agreement within the same or adjacent quintile of those intakes, both in crude values and energy adjusted values, were examined. Spearman's correlation coefficients were used to assess the relationship between dietary intakes of individuals determined by the two methods with and without energy adjustment. Z-score was used to test the difference in the correlation coefficients before and after energy adjustment.
The significance level was set at 0.05. Systat (Systat Corp., USA) software was used for statistical analyses. Table 3 shows nutrient intakes determined by 24hr dietary recall and by the FF quantity method. Total energy intake and nutrient intake in crude values by our method were on average lower than those by 24hr recalls; differences (%) were 6.5% for protein (p 0.625), 13.9% for fat (p 0.005), and 7.1% for carbohydrate (p 0.008). When converted into percentage energy intake, the differences were lower; 1.4% for protein (p 0.625), 7.0% for fat (p 0.003), and 0.9% for carbohydrate (p 0.431). Intake of SFA, PUFA, cholesterol, and potassium estimated by our method was significantly lower than by 24hr recall both in crude and adjusted values. There was no significant difference in salt intake estimated by the two methods both in crude value and caloric density. Table 4 shows intake by food groups by 24hr recall and our method in crude values (g) and caloric density (g/1000 kcal). For intake of cereals, fish and shellfish, dairy products (other than milk and yogurt), vegetables, and fruits, our method gave values similar to those determined by 24hr recall in crude values. Intake of meat tended to be lower with our method (difference not significant). Intake of eggs, potatoes, sweets and snacks, and fats and oils determined by our method was significantly lower than those determined by 24hr recall. We found significantly greater intake of milk, yogurt, and sugar with our method. Although the differences in the intake of eggs, potatoes, sweets and snacks, and fats and oils was reduced in caloric density, it was still significantly different. Intake of soybeans and soybean products, and cereals became significantly greater with our method than with 24hr recall in caloric density. Table 5 shows the gender-specific comparison of intake of energy (kcal), major nutrients (% kcal), and major food groups (g/1000 kcal) determined by the two methods. In men, energy intake, percentage energy intake from protein, total fat, SFA, and PUFA, fish and shellfish, and meat determined by our method were significantly lower than by 24hr recall. In women, intake of all nutrients and food groups mentioned above was similar. Table 6 shows the percentage of agreement unchanged. For food groups, percentage agreement ranged from 57% (potatoes, fruits, and fats and oils) to 83% (cereals) in crude values. Percentage agreement in food group intake did not change essentially after energy adjustment. The percentages of participants categorized into opposite quintiles were less than 5% for nutrient intakes and less than 7% for food group intake. Table 7 shows correlation coefficients between the intake of nutrients and food groups determined by 24hr dietary recall and our method in crude values and energy-adjusted values. Correlation coefficients between crude values were significant for total energy intake and all nutrients other than potassium (p 0.067). Correlation coefficients for nutrients other than potassium ranged from r 0.120 (p 0.300) for vegetables to r 0.682 (p 0.001) for cereals (p 0.001). With energy adjustment, most correlation coefficients became higher. Correlation coefficients for the intake of protein, total fat, SFA, and PUFA significantly increased with energy adjustment (p 0.05).
Results
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: Adjusted values are the percentage energy intake of protein, carbohydrate, fat, SFA, PUFA, and for food groups, cholesterol, salt and potassium, divided by total energy intake.
: The two methods categorized intake into the same quintile. : The two methods categorized intake into the same and adjacent quintiles (one method categorized intake into the first quintile, while the other method categorized it into the first and second quintile; one method categorized intake into the second quitile while the other method categorized it into the first, second or third quintiles, and so on). : The two methods categorized nutrient intake into opposite quintiles (one method nutrient categorized intake into the first quintile while the other method categorized it into the fifth quintile and vice versa).
and fats and oils was not significantly correlated. After energy adjustment, correlation coefficients became significant for the intake of soybeans and soybean products, and fats and oils, but were still not significant for potatoes (p 0.071) and vegetables (p 0.054). The FF quantity method survey was shared by four interviewers, and each interviewer performed 9 to 18 interviews. There were no significant differences in the averages of interview time, total energy intake, and macro-nutrient intake among interviewers (data not shown).
Discussion
The results of the newly developed FF quantity method and the mean of four 24hr recalls for the INTERMAP Study in Aitotown, Japan, performed on the same participants were examined. Nutrient and food group intake relevant to CVD risk factors were compared from various aspects.
For cereals and alcohol, the mean crude intake using the FF quantity method was very similar to that from 24hr recall (700 g vs. 710 g and 12.1 g vs. 12.8 g for cereals and alcohol, respectively) and also showed high correlation coefficients (0.682 and 0.716 for cereals and alcohol, respectively). This is an important feature of the FF quantity method because they are both important energy sources and characterize an individual's dietary habits.
As major sources of protein, there were no significant differences in the mean crude intake of fish and shellfish, meat, dairy products other than milk and yogurt, and soybean and soybean products between the two methods, and correlation coefficients between intake from the two methods were significant for both crude and energy-adjusted values, except for soybean and soybean products for which the correlation coefficient became significant after adjustment. The FF quantity method gave a significantly lower mean intake than 24hr recall for eggs and a significantly higher mean intake for milk and yogurt, and both difference remained significant after energy adjustment, but correlation coefficients between the two methods were significant for both food groups and in both crude and adjusted values. These resulted in similar crude protein intake from the two methods and the FF quantity method was thought to be appropriate to estimate an individual's protein source pattern.
As potassium and dietary fiber sources, crude mean vegetable intake obtained from the FF quantity method was very similar to that from 24hr recall (269 g and 273 g from FF quantity method and 24hr recall, respectively), but mean potato intake was significantly lower in both crude and adjusted values. Correlation coefficients were not significant for both food groups in both crude and adjusted values. For fruit, the FF quantity method gave a higher mean intake in both crude and energy-adjusted values but significant correlation coefficients in both crude and adjusted values were shown. Some of the participants participated in INTERMAP data collection in winter and the FF quantity method in spring about 18 months later. The study region is located in a rural area and most of the participants grew theirown vegetable. Seasonal variation due to regional characteristics might have affected the low correlations in these foods. Further evaluation of the FF quantity method might be necessary with regard to the estimation of vegetables and potato intake.
The mean fat and oil intake obtained from the FF quantity method was significantly lower in both crude and energy-adjusted values. The correlation coefficient became significant after energy adjustment, but was not considerable (r 0.230). For discretionary fat and oil intake (dressings and spreads), the frequency and portion sizes were investigated. For non-discretionary intake, the frequency of pan-fried and deepfried from was investigated but portion sizes were not and the prescribed amount was used to calculate total intake. Consideration of the portion sizes of these foods using 24hr recall or interactive estimation of the portion size of non-discretionary oil using the subject's intake of meat, fish and vegetables obtained from his/ her own FF quantity questionnaire might be helpful to improve the estimate of fats and oils.
Questions were posed to specify the type of oils and fats used; i.e. mixed salad oil, safflower oil, butter, margarine, etc, which resulted in higher correlation coefficients for SFA and PUFA adjusted for total energy intake; 0.571 (p 0.001) for SFA, and 0.417 (p 0.001) for PUFA. This may also be a favorable aspect of our method in dietary intervention 19) . For sweets and snacks, mean intake by the FF quantity method was significantly lower in both crude and adjusted values but the correlation coefficients were significant.
As for the estimation of sodium intake, a significant relationship between estimated dietary intake and urinary sodium excretion obtained by two timed 24-hour urine collections was observed in the INTER-MAP Study 20) , and the values from the INTERMAP Study were thought to be eligible as reference data. In this study, we also found a significant correlation between estimated intake by the two dietary surveys. This also suggests that the FF quantity method could be used to assess sodium intake; an important feature in a blood pressure control program.
These results gave in high percentage agreement within adjacent quintiles of nutrients and food group intake by the two methods; 55 to 86% in crude values and 57 to 80% in energy-adjusted values. This may suggest that the FF quantity method is useful to reveal the dietary pattern of the individual relevant to CVD risk factors within the population, and also to detect the change before and after dietary intervention.
Crude intake values of energy, fat and carbohydrates determined by the FF quantity method were significantly lower than those determined by 24-hour dietary recall; however, energy-adjusted differences (% differences between % energy intakes by the two methods) were reduced for all major nutrients (protein, fat, SFA, PUFA, and carbohydrates), in agreement with previous reports 11, 21) . Energy adjustment also improved the correlations of intake of macronutrients, SFA, PUFA, and potassium. Using of the FF quantity method, energy adjusted values may give a more representative pattern of the nutrient intake of participants.
In women, no significant differences were found between total energy intake and percent energy intake of major nutrients, and food group intake, where as significant differences were observed for men ( Table 5) . The reason for this is not clear. Several validation studies in western countries have examined the gender effect on the difference between results of food-frequency questionnaires and a reference method (weighed food records, or 24hr recall), and no consistent differences between genders were observed [22] [23] [24] . The Japanese diet has a wider variation of food items as well as cooking procedures than the western diet 16, 18) , and this might have affected the results of our study. Namely, men may have been less conscious of their diet than women, making it difficult to recall specific food items and to estimate their amounts, as well as frequency, in the Japanese diet. More case showd be taken with our FF quantity method and when using the results of the survey for male participants.
In this study, we re-interviewed individuals 12 to 18 months after their INTERMAP participation. Since the INTERMAP Study imposed a considerable burden on participants; four clinic visits with four 24-hour dietary recalls, two 24-hour urine collections, multiple BP measurements, and dietary advice at the end of the survey, participants may have modified their dietary habits substantially. The long interval between the two surveys itself may also have affected their lifestyles. There may have been seasonal variation in food intake since the INTERMAP survey was conducted through winter to spring, while dietary interviews using our method were conducted in spring. These factors may have affected dietary habits among participants and may have reduced the relationship between the results obtained by the two methods.
There were no significant differences in the average interview time and nutrient intake among interviewers (data not shown), Showing no major concern. Further study with repeated interviews should be performed for reproducibility.
Japan has experienced a westernization of dietary habits and the nutrient intake pattern has changed, resulting in a change in CVD risk factors, including serum lipid profiles 19, [25] [26] [27] [28] . Requests are increasing for a dietary assessment method that enables medical workers to practice effective dietary intervention, and the development of a sophisticated method to estimate long-term usual intake is needed. Our method would therefore be feasible.
Conclusions
The FF quantity method is suitable to detect differences in nutrient and food group intake important to control of CVD risk factors among Japanese individuals. This method is applicable for dietary surveys and lifestyle modification programs for the prevention of CVD.
